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PERSONAL STATEMENT

Over the next 5 years, I am particularly interested in further developing the field of Integrated Continuous Biomanufacturing with a special emphasis on End-to-End Continous Manufacturing and Process Analytical Technologies (PAT) for Cell and Gene Therapy. In the long term (next ten years) I also would like to advise graduate students in their pursuit of higher education in the applied sciences. 
CAREER OUTLINE

1982-1985
Research Engineer, EXXON Research and Engineering

1990

Post-Doctoral Fellow, University of Waterloo, ON

1990-1994 Research Associate, National Research Council of Canada (NRCC)
1996-1996
Visiting Scientist, Tufts University, Medford, MA

1994-1998
Research Officer, National Research Council of Canada (NRCC)
1998-1999
Lecturer, Northeastern University, Boston, MA.

1998-1999
Director, Technology Development,  Cambridge Scientific, Inc., Cambridge, MA. 

2000-2004
Founder and Director, IVREA Inc., Boston, MA

2004-2007
Co-Founder and Director, IVREA Pharmaceuticals Inc., Quincy, MA

2007-2016
Co-Founder and Director, BioVolutions Inc., Woburn, MA
2016-2017       Consultant, Hargrove Life Sciences, Inc. Philadelphia, PA

2016-2022       Co-Founder & CEO, Artemis Biosystems, Inc., Cambridge, MA

2023-Present   Research Professor, Department of Chemical Engineering, UMass Lowell, Lowell, MA

AWARDS AND HONORS

1978
Ontario Scholar

1980
Research Grant, National Sciences and Engineering Research Council 
1997
Government Priority Funds for Science and Technology, National Research Council of Canada

2000
1R43CA086653-01, Principal Investigator, “Controlled Percutaneous Delivery of Retinoids. ”, SBIR Phase I, National Cancer Institute/NIH Award, Principal Investigator, In collaboration with Prof. MF Demierre, Director, Skin Oncology, Boston University Medical Center.

2001
1R43AG019527-01, SBIR Phase I, National Institute of Aging/NIH Award, Principal Investigator, In collaboration with Prof. Tania Phillips, Department of Dermatology, Boston University Medical Center, Title Topical Estrogen/CB Patch for Wound Healing in Elderly”.

2002
1R43AT001580-01, Principal Investigator,  “Intraarticular injection of polyglucosamine for knee OA. In collaboration with Tim McAlindon, Associate Professor Rheumatology, Boston University School of Medicine. 

2003
2R44CA0856653-02A1, Principal Investigator, “Topical Retinoids for Chemoprevention of Melanoma”. In collaboration with BU Faculty, Department of Dermatology. 
2004
5R44CA086653-03, Principal Investigator, “Topical Retinoids for Chemoprevention of Melanoma”. In collaboration with BU Faculty, Department of Dermatology. 

2004
1R43HL78029-1, LEE, IKE W as PI,  “Bone Marrow 3D Cell Constructs for Cardiac Repair”.  Dr. Lee worked at IVREA, Inc. Tissue Engineering development performed as Co-PI. 
Industry/Government Experience

1982
EXXON RESEARCH LABORATORIES. POSITION: Research Engineer.


RESPONSIBILITIES: 

· Research new chemical entities and processes for improved crystallization of wax particles in oil
· Manage a team of designers and engineers.


ACCOMPLISHMENTS:

· Translated several research concepts from Research Center into applied pilot systems 
· Developed novel dewaxing and membrane units for lube oil production

· Developed Computer Models of Dewaxing Refineries across US and Canada

1990             UNIVERSITY OF WATERLOO. Position: Post-Doctoral Fellow

· Development of a solid support growth matrix for mammalian cell culture for production of monoclonal antibodies using hybridoma cell culture

· Development of Immolized Enzyme Reactor for lipid conversion using lipases 

1990
NATIONAL RESEARCH COUNCIL OF CANADA. 

POSITION: Research Associate (1994); Research Officer (1998)


RESPONSIBILITIES:
·             To develop phage display synthetic antibodies for the detection of small molecular weight compounds. 

·             Supervise two technicians and interface with genetic scientists in Canada, US and UK. 

·             To develop instruments which couple enzymes/proteins/amino acids to porous materials in combination with optical and electrochemical detection systems in the formation of biosensors. 

·             To be knowledgeable in both biochemistry/surface modifications and the hardware/software of the chromatographic detection systems. 

·             To publish in peer-reviewed journals such as Analytical Biochemistry and Biotechnology and Bioengineering. 

·             To present findings at national and international conferences. 

·             To communicate findings internally on a daily/weekly/monthly and yearly basis in the form of interim and final reports. 

·             To write proposals to ensure approval  by internal committees in order to commit resources to novel ideas.

ACCOMPLISHMENTS:

·              Using the technique of phage display and successive panning of phage antibodies and subsequent cloning into E. coli led to the selection and production of monoclonal synthetic Fab fragments for the detection of small molecular weight carcinogens in complex matrices such as blood and urine. 
·              Rabbit polyclonal antibodies were obtained by standard methods using modified haptens covalently immobilized to BSA, HSA, and other proteins which were used as controls. 
·              To incorporate the experimental data into standard database management systems such as Object-Store. 

·              Developed  novel biosensors based on chromatographic microcolumns coupled to optical and electrochemical detectors in Flow Injection Analysis (FIA) systems (U.S. Patent 5,411,866).  

·              Developed software for on-line data analysis. 

1998
              CAMBRIDGE SCIENTIFIC INC. POSITION: Director, Technology Development.



RESPONSIBILITIES:

· Supervise and carry out projects in the biopharmaceutical and  optical areas with special emphasis on bioanalytical development for the quality control of drug delivery devices such as microparticles, matrix technology, tissue replacements containing bioactive molecules. 

ACCOMPLISHMENTS:

· Developed a fast and accurate diagnostic test for the detection of genetically engineered proteins released from microparticles and tissue replacements based on ELISA and enzymatic assays.  

·             Project leader on several SBIR proposals from NIH, DoD, NASA and NSF.  

2000
IVREA INC., POSITION: Founder and Director, Drug Delivery and Tissue Engineering


RESPONSIBILITIES:

· Directed Laboratory activities related to the manufacturing of test articles for preclinical studies. 
· Awarded several NIH small business innovative research (SBIR) grants including: 
· Regenerative Medicine SBIR: Cardiac Tissue Repair. This R&D project was based on the development of  formulations containing growth factors to redirect pluripotent stem cells into becoming functional cardiocytes.
· Topical delivery of Retinoids for Chemoprevention of Melanoma, Phase I and Phase II. Description: The initial program, funded by the National Cancer Institute at NIH, included development of a topical controlled release system for improving the safety of retinoids while maintaining efficacy in the chemoprevention of melanoma. This research led to the development of a broadly applicable topical delivery system for improving the therapeutic index of active molecules.

· Topical Estrogen/CB patch for Wound Healing in Elderly, Phase I,  Description: Topical estrogen has been shown to have a major therapeutic effect for rapid wound closure and a functional and esthetic satisfactory scar. This project examined the role of topical estrogen delivered via a chitin-based slow release gel formulation  in a preclinical model involving full thickness wounds. Results showed a significantly increased rate of wound closure compared to controls. 

ACCOMPLISHMENTS:

·             Supervised the GMP production of test material.

·             Managed Preclinical studies performed at a Preclinical CRO

·             Submitted IND

·             Directed Laboratory and Manufacturing of test article.

·                   Managed Preclinical studies performed at Toxikon, Bedford, MA.
2005
IVREA PHARMACEUTICALS INC. POSITION: Co-Founder and Director of Technology 
RESPONSIBILITIES: 

· Strategic and operational activities related to the development of topical drug delivery systems for diseases of the skin and nail. 


· Directed the development of Preclinical and Clinical Trial Material for Phase I/II studies. 

· Managed various CROs and CMOs for tech transfer and scale-up to GMP production.


ACCOMPLISHMENTS: 

· Invented a sustained release topical formulation with reduced toxicity and improved therapeutic index for an acne application 

· Managed the technology transfer of an enhanced penetration formulation for delivering antifungals into the nail bed

· Managed successful technology transfer from the bench into GMP production of topical pharmaceutical product into Phase I/II clinical studies. 

2007
BIOVOLUTIONS INC.  POSITION: Co-Founder, President and Director, Formulation Development & CMC Regulatory


RESPONSIBILITIES: 

· 
Provide formulation development, analytical services and regulatory oversight to pharmaceutical clients

ACCOMPLISHMENTS:

·             Lead the preparation of proposals, service contracts, project timelines, cost estimates, technical documents and CMC regulatory documentation including GLP and GMP records. 

·             Develop sustained release formulations such as liposomes, polymer microparticles to deliver cytotoxic active ingredients for oncology and infectious disease applications. 
·             Invented a targeted delivery system for the detection and treatment of melanoma.

TEACHING EXPERIENCE

1990             Speaker: Canadian Institute of Chemical Engineers, Biotechnology Session,  “A fiber optic biosensor for the detection of glutamine/glutamate in hybridoma cell cultures”. 

1992-1994
Speaker: National Research Council of Canada, Biotechnology Research Institute, “Fiber optic and amperometric Biosensors”

1995
Speaker: 3rd International.Battelle Symposium,  San Diego, CA, In Situ and On-Site Bioreclamation, “Survival and Dispersion of a Genetically marked 2,4-D Degrading Microorganism in Soil Columns under Simulated Weather Patterns”. 


Speaker: Groundwater and Soil Remediation, 5th Int. Symposium, Toronto, ON, Canada, “Survival and Dispersion of a genetically marked 2,4-D degrading microorganism in soil columns during wet/dry cycles”.


Speaker: National Research Council of Canada, Biotechnology Research Institute, “Recombinant Antibodies by Phage Display”. 

1996
Invited Speaker: The New York Academy of Sciences Symposium, Palm Coast, FL. Bioremediation of Surface and Subsurface Contamination, 1st Int. Symposium, “Transport and Survival of a genetically engineered P. cepacia  strain in soil columns during wet/dry cycles


Speaker and Chair: Northeastern University, Boston, MA, Global Environmental Biotechnology: Approaching the Year 2000,  3rd Int. Symposium. “The influence of moisture on microbial transport, survival and 2,4-D biodegradation with a genetically marked B.cepacia  in unsaturated soil columns. 


Speaker and Chair: Northeastern University, Boston, MA, Global Environmental Biotechnology: Approaching the Year 2000,  3rd Int. Symposium. “Natural Attenuation of TNT in soil columns”. 

1997
Speaker: Battelle Symposium, New Orleans, LA In Situ and On Site Bioremediation, Natural attenuation of TNT. 


Speaker: American Chemical Society, Fall Meeting, Pittsburgh, PA Emerging Technologies in Hazardous Waste Management IX: Microbial degradation of TNT in surface soils and aquifer materials.


Lecturer: Bioengineering and Bioremediation, Graduate Level, Department of Chemical Engineering, McGill University

Speaker: American Geophysical Union, Spring Meeting, Boston, MA. Natural Restoration of Contaminated Aquifers Symposium. “Natural Attenuation of Nitroaromatic Explosives” Session H41F. 

1999
Lecturer: Thermodynamics CHE 1310, Undergraduate Level, Department of Chemical Engineering, Northeastern University


Speaker: Materials Research Society, Fall Meeting, Boston, MA Bacteriorhodopsin for holographic applications: The use of NLO materials to enhance holographic output. 


Invited Speaker: AIChE Northeastern University, “Improved Holographics for Information Storage and Retrieval”


Invited Speaker: Genetics Institute, Andover, MA, “Biodegradable PPF matrices for neocartilage formation”.


Invited Speaker: GelTex Inc., Waltham, MA, “The potential of microencapsulated urease for kidney failure and peptic ulcers”.
2014
Speaker: “Continuous Manufacturing of Monoclonal Antibodies”, 3rd Annual Biopharmaceutical Summit, UMass Lowell, May 27-30, 2014.
2014
Speaker: “Continuous Manufacturing of Mabs”, ManuBio, Boston, June 10-11, 2014

2015
Speaker: Continuous Manufacturing of Monoclonal Antibodies, ISPE, Boston Chapter, Jan 15, 2015
2016
Speaker: Lecture on Integrated Continuous Bioprocess (ICB): “Mabs Production by ICB”, Hoff Center, UMass Lowell, May 18, 2016
2017
Speaker: Biomanufacturing Summit, June 27th 2017 “Integrated Continuous Bioprocessing”, Hilton, Logan Airport, Proventa International. 

2019 
Speaker: MIT BioMAN Summit, VHU Perfusion System for Scalable Viral Vector Production, December 11-12, 2019

2020
Speaker: MIT Symposium, Process Intensification: Downstream, Formulation and Product Development, Continuous Harvesting of Monoclonal Antibodies and Viral Vectors, November 17-18, 2020

MAJOR RESEARCH INTERESTS

My main research interest are in Integrated Continuous Biomanufacturing, Process Analytical Technologies (PAT) for Cell and Gene Therapy.
1. Integrated Continuous Biomanufacturing
A continuous perfusion culture setup was developed for the CHO cell line, a cell line that is commonly used for the commercial production of biopharmaceuticals. Cells were retained in the reactor using an ATF perfusion system (Repligen, MA) and associated controls. Cells were inoculated in the single use bioreactor (SUB) with an inoculum viable cell density range of 0.4-0.6*106 cells/mL. Perfusion was started at a viable cell density in the range of 1-3*106 cells/mL. A Finesse control tower using DeltaV software (Emerson, TX) was used to control temperature, DO and pH.  To control feed rates into the Applikon bioreactor and perfusion outflow from the ATF filter, glucose and lactate were monitored daily using a YSI 2700 biosensor. The biological substance in the outflow from the PB is further purified using a one-column capture step continuously by integrating upstream and downstream operations. Ref: Mark-Henry Kamga, Maurizio Cattaneo & Seongkyu Yoon (2018) Integrated continuous biomanufacturing platform with ATF perfusion and one column chromatography operation for optimum resin utilization and productivity, Preparative Biochemistry & Biotechnology, 48:5, 383-390, DOI: 10.1080/10826068.2018.1446151
2. Process Analytical Technologies for cell and gene therapy
The therapeutic advances in immunotherapy require ever greater amounts of primary human T lymphocytes which are inherently suspension cells. The clinical manufacturing of CAR T cells is a complex process whereas the patient’s own T cells are modified to express CAR, usually by lentiviral transduction, and then expanded before being reintroduced into the patient. The large numbers of ex-vivo expanded cells that are required make standard culture conditions difficult, resulting in the need for extensive personnel and facility resources, and the potential for contamination. Since the number of cell doses generally produces a desirable therapeutic outcome, the cell expansion process is the focus of the majority of research efforts. In order to reduce the extensive manual operations when using static cell culture systems, several cell therapy manufacturers are driving the development of online sensors for real-time and non-invasive monitoring of cell culture CQA. Work with other dynamic bioreactors has clearly demonstrated the value of perfusion feeding for removal of the inhibitory metabolites lactate and ammonia From a process analytical standpoint real-time monitoring of metabolite and viable cell density CQA can have a big impact on process optimization of CAR-T cell manufacturing.  In collaboration with the University of Maryland's  Automation and Robotics Center we have also developed an online NIR Hyperspectral Imaging instrument which uses AI and Machine Learning to interpret a large amount of biological data from bioreactors in real-time. 

3. Digital Twin for cell and gene therapy optimization
The production of AAV is difficult and time consuming because current analytical methods rely mainly on manual sampling. There is a need to develop a digitized and automated AAV gene therapy manufacturing platform by using high throughput and automated sampling and analysis of AAV material throughout the production process. 

 The data will be leveraged for the creation of digital twins, i.e. digital models of the manufacturing process. that can be used to further refine and improve the efficiency of the process.  Using these digital models, the user is able to carry out the initial tests of any changes to the process in the virtual environment, to reduce the number of expensive and time-consuming physical tests which need to be carried out in the laboratory.

 The user is able to assess any improvements in productivity and AAV yield using automated analytical technologies. This will include using our Multi-Column Counter-Current Solvent Gradient Purification (MCSGP) developed at UMass Lowell to assess the proportion of full AAV capsids produced. By combining expertise in manufacturing and process analytics with cutting edge PAT, we will be able to develop an automated monitoring and control system which will be applied to the existing AAV manufacturing process.

 

MEMBERSHIPS IN PROFESSIONAL SOCIETIES:

1982

Instrument Society of America (ISA)
1987-Present
American Chemical Society (ACS)
1988

Professional Engineer of Ontario Association (PEO)
1992

Bioencapsulation Research Group (BRG)
1994-1995

International Society for Optics and Photonics (SPIE)
2000

Controlled Release Society (CRS)
2005-2007

American Association of Pharmaceutical Scientists
(ASPS)
2012-Present
International Society of Pharmaceutical Engineers (ISPE)

2018-Present
Americal Society for Gene and Cell Therapy (ASGCT)

2019-Present         European Society of Cell and Gene Therapy (ESCGT)

2018-Present 
International Society for BioProcess Technology (ISBioTech)


EDITORIAL REVIEWING ASSIGNMENTS AND ADVISORY BOARDS

Biotechnology Progress

Bioremediation Journal

New York Academy of Sciences

Soil and Sediment Contamination : an International Journal

International Society for Environmental Biotechnology Advisory Board

BOOKS

Wise DL, Trantolo DJ, Lewandrowski KU, Gresser JD, Cattaneo MV and Yaszemski MJ. "Biomaterials Engineering and Devices, Human Applications, Fundamentals and Vascular and Carrier Applications", Humana Press, 2000

Wise DL, Trantolo DJ, Lewandrowski KU, Gresser JD, Cattaneo MV and Yaszemski MJ. “Biomaterials Engineering and Devices, Human Applications, Orthopedic, Dental and Bone Graft Applications”, Humana Press, 2000. 

PEER REVIEWED PUBLICATIONS
1. Cattaneo, M.V. and T.M.S. Chang (1991). The potential of a Microencapsulated Urease-Zeolite Oral Sorbent for the Removal of Urea in Uraemia. Trans. Am. Soc. Artif. Intern. Organs  37:80-87.

2. Cattaneo, M.V., K.B. Male and J.H.T. Luong (1992). A chemiluminescence fiber optic biosensor system for the determination of glutamine in mammalian cell cultures. Biosens. Bioelectr. 7:569-574.

3. Cattaneo, M.V., J.H.T. Luong and S. Mercille (1992). Monitoring glutamine in mammalian cell cultures using an amperometric biosensor. Biosens. Bioelectr. 7:329-334.

4. Cattaneo, M.V. and J.H.T. Luong (1993). Novel FIA  chemiluminescence fiber optic biosensor for urinary and blood glucose. Fiber Optic Sensors in Medical Diagnostics, SPIE Proceedings  1886:186

5. Cattaneo, M.V. and J.H.T. Luong (1993). Monitoring Glutamine in Animal Cell Cultures Using a Chemiluminescence Fiber Optic Biosensor. Biotech. Bioeng. 41:659-665.

6. Cattaneo, M.V. and J.H.T. Luong (1993). On-line chemiluminescence assay using FIA and fiber optics for urinary and blood glucose. Enz. Microb. Technol. 15:424-428.

7. Cattaneo, M.V. and J.H.T. Luong (1994). A stable water soluble tetramethylbenzidine:hydroxypropyl cyclodextrin inclusion complex and its application in enzyme assays. Anal. Biochem. 223:313-320.

8. Luong, J.H.T., R.S. Brown, K.B. Male, M.V. Cattaneo and S. Zhao (1995). Recent Applications of Cyclodextrin Inclusion Complexes in Biotechnology. Trends Biotechnol. 13:457-463. 

9. Cattaneo, M.V. and J.H.T. Luong (1996). A water soluble tetramethylbenzidine hydroxypropyl cyclodextrin inclusion complex as an efficient mediator for oxidoreductases. Electroanalysis  8:223

10. Cattaneo, M.V., C. Masson and C.W. Greer. (1997). The influence of moisture on microbial transport, survival and 2,4-D biodegradation with a genetically marked B. cepacia in unsaturated soil columns. Biodegradation 8:87-96.

11. Cattaneo, M.V. C. Masson and C.W. Greer (1997). Transport and Survival of a genetically engineered P. cepacia strain in soil columns during wet/dry cycles. Annals N.Y. Acad. Sc. 829:280-289.

12. Lewandrowski KU, Cattaneo MV, Gresser JD, Wise DL and Trantolo DJ. “Effect of a poly(propylene fumarate) foaming cement on healing of critical size bone defects”, Tissue Engineering , 5:305-316, 1999.

13. Versari A, Parpinello GP and Cattaneo MV (1999). Leuconostoc oenos and malolactic fermentation in wine: a review. J. Ind. Microbiol. Biotech. 23:447-455. 

14. Cattaneo MV and Demierre MF. Biodegradable Chitosan for Topical Delivery of Retinoic Acid. 2001 Drug Del Tech 1:44-48

15. Mark-Henry Kamga, Maurizio Cattaneo & Seongkyu Yoon (2018) Integrated continuous biomanufacturing platform with ATF perfusion and one column chromatography operation for optimum resin utilization and productivity, Preparative Biochemistry & Biotechnology, 48:5, 383-390 

16. Hein MD, Chawla A, Cattaneo M, Kupke SY, Genzel Y & Reichl U (2021) Cell culture-based production of defective interfering influenza A virus particles in perfusion mode using an alternating tangential flow filtration system. Applied Microbiology and Biotechnology, 105:7251-7264.
17. Marc D. Hein MD, Kazenmaier D, van Heuvel Y, Dogra T, Cattaneo M, Sascha Y, Kupke SY, Stitz4 J, Genzel Y, Reichl U (2023) Production of retroviral vectors in continuous high cell density culture. Applied Microbiology and Biotechnology 107:5947–5961
18. Hevaganinge A, Weber CM, Filatova A, Musser A, Neri A, Conway J, Yuan Y, Cattaneo M, Clyne AM, and Tao Y (2023) Fast-Training Deep Learning Algorithm for Multiplex Quantification of Mammalian Bioproduction Metabolites via Contactless Short-Wave Infrared Hyperspectral Sensing. ACS Omega 8, 14774-14783
BOOK CHAPTERS

1. Cattaneo, M.V., C. Masson, J. Hawari, G. Sunahara, S. Thiboutot, G. Ampleman and C. Greer. 1997. Natural Attenuation of TNT. Proc. IV Intern. Symp. In Situ and On-Site Bioremediation, Battelle Press, Vol. 2, p.3-8.

2. Cattaneo, M.V. (1998). Ferroelectricity and Piezoelectric Biopolymers. In: Electrical and Optical Polymers and Biopolymers, D.L. Wise Ed.;  Marcel-Dekker Publ. pp. 1213-1222.

3. Cattaneo, M.V., J.C. Pennington, J.M. Brannon, D. Gunnison, D.W. Harrelson and M Zakikhani. (1999). Natural Attenuation of Explosives. In: Remediation Engineering of  Contaminated Soils, D.L. Wise Ed., Marcel Dekker Publ., NY, pp. 949-970.

4. Cattaneo, M.V. (2005). Topical Delivery Systems Based on Polysaccharide Microspheres. In: Delivery System Handbook for Personal Care and Cosmetic Products: Technology, Applications and Formulations, M.R. Rosen Ed., William Andrew Inc. Publ. NY, pp.273-282. 

PATENTS

1. Luong, J.H.T, Male K.B. and M.V. Cattaneo. 1995. Method and System for Determining Bioactive Substances. US Patent No. 5,411,866.

2. Lewandrowski KU, Trantolo DJ, Cattaneo MV, Gresser JD and Wise DL (1998). Sequential osteoinduction for cortical bone allografts. U.S. Pat. App. No. 60/112,596.

3. Cattaneo, MV, Park HY and Phillips TJ. “Epidermal Cell Attachment and Proliferation in Chronic wounds” US Patent App. No. 60/148, 641, 1999. 

4. Lewandrowski KU, Bondre S, Trantolo DJ, Cattaneo MV, Gresser JD and Wise DL, (2001) Osteoinduction of cortical bone allografts by coating with biopolymers seeded with recipient periosteal bone cells. European  Patent No. 99942186.0-2310

5. Cattaneo, MV and Demierre MF. “Chitosan Biopolymer for Topical Delivery of Active Agents. World Patent 01/45645, 2001. 

6. Lewandrowski,  Kai-Uwe, Bondre; Shrikar, Trantolo; Debra J., Cattaneo, Maurice V., Gresser, Joseph D.,Wise, Donald L. (2003)  Tissue transplant coated with biocompatible biodegradable polymer. US Patent 6,551,355
7. Cattaneo, MV and Demierre MF. (2003). Chitosan Biopolymer for the Topical Delivery of Active Agents. US Pat App 2003 0206958. 

8. Cattaneo, MV. (2004). Chitosan Microparticles for the topical delivery of water insoluble active agents. US Pat App 20040247632

9. Lewandrowski; Kai-Uwe; Bondre; Shrikar; Trantolo; Debra J.; Cattaneo; Maurice V.; Gresser; Joseph D.; Wise; Donald L. (2005). Osteoinduction of cortical bone allografts by coating with biopolymers seeded with recipient periosteal bone cells. US Patent  6,899,107
10. Cattaneo, MV (2005) Particles for the delivery of active agents. US Pat App 20050281886

11. Cattaneo MV and Spanjaard RA. Ligand-targeted nanocapsules for the delivery of RNAi and other agents. US Patent Application 12/259,148; 2010
12. Cattaneo MV. Ligand-targeted nanocapsules. European Patent Application 10161095.4; 2010. 

13. Cattaneo MV. A System for Rapid Continuous Manufacturing of Biologicals. US Patent App. 14/996,226 Filed January 15, 2016

14. Cattaneo MV and Spanjaard RA. Perfusion Filtration Systems, 2020 US Patent 10,358,626 B2.
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